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METHOD AND SYSTEM FOR FACILITATING 
NO-BREAK POWER TRANSFER 

TECHNICAL FIELD 

[l] The present invention relates to aircraft engine controls, and more particularly to a 

method and system for transferring power between a main aircraft engine and an auxiliary 
power unit. 

BACKGROUND OF THE INVENTION 

[2] Auxiliary power units (APUs) are gas turbine engines used in aircraft systems to 

provide pneumatic and electrical power to the aircraft, primarily when the aircraft is on the 
ground. This pneumatic and electrical power is provided by the main propulsion engines 
when the aircraft is in flight. Power transfers are required between the APU and the main 
engines at the beginning and at the end of aircraft flights. Additionally, electrical power 
transfers are also required between the APU and ground power supplies. 

[3] Current aircraft designs typically operate electrical power systems at a constant 

frequency. Electrical power transfers for this type of system can either be a "break transfer," 
during which neither the APU nor the main engine generator supplies the electrical bus for a 
short period, or a "no break power transfer," during which the APU generator temporarily 
operates in parallel with the main engine of ground power to simultaneously supply electrical 
power to the aircraft electrical bus. 

[4] A no-break power transfer (NBPT) technique may be used to achieve load transfer 

without interrupting the supply of electrical power to the aircraft. During no-break power 
transfer, the components of the APU speed (i.e., frequency and phase) and the main engine 
speed are matched so that the APU and the engine can be connected simultaneously to the 
same electrical bus. No-break power transfer poses its own problems, however. First, the APU 
may be required to carry a large electrical load during the frequency matching process, 
potentially causing the APU to overload and cause high-temperature problems in the APU. 
The maximum electrical load that the APU can handle varies based on the APU operating 
conditions, such as air temperature and pressure, APU speed, etc. Electrical overload is 
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particularly a problem if the APU is loaded solely by an electrical load with no pneumatic 
load that can be reduced to compensate for the increased electrical load. 
[5] In aircraft designs operating at fixed speeds, no-break power transfer can be conducted 

by temporarily changing the engine speed to conduct the transfer with the APU and then 
returning to the predetermined fixed speed. However, modern aircraft designs are increasingly 
adopting variable frequency electrical bus networks in place of conventional constant 
frequency systems. The variable frequency bus causes the no-break power transfer process to 
occur over a range of frequencies rather than at a fixed frequency. This makes successful 
frequency matching between the APU and the main engine more difficult because the APU 
and the engine no longer return to a single predetermined fixed speed; instead, the speed can 
vary over a wide range. 

[6] There is a desire for a method and system that can ensure frequency matching between 

an APU and a main engine in a variable frequency system. There is also a desire for a method 
and system that can conduct no-break power transfer between an APU and a main engine 
without imposing excessive electrical loads on the APU. 

SUMMARY OF THE INVENTION 

[7] The present invention is directed to an improved method and system for facilitating 

no-break power transfer between an APU and a main engine. In one embodiment, the APU 
controller receives information from the aircraft computer regarding the main engine's speed 
and calculates a target APU speed for no-break power transfer. The APU controller then 
adjusts the APU speed up or down to the target APU speed. The rate at which the APU speed 
is adjusted may be controlled so that it ramps the APU speed to the required APU speed as 
quickly as possible while optimizing fuel consumption during the ramping. 

[8] The APU controller may also determine a maximum electrical load that the APU can 

sustain using various APU operating parameters. This threshold information is provided to an 
aircraft computer, and the aircraft computer adjusts an aircraft electrical load until it falls 
below the threshold, thereby avoiding overloading the APU during the power transfer. 
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[9] By exchanging operational data between the APU controller and the aircraft computer, 

both the APU and the electrical load can be adjusted to optimize no-break power transfer 
despite varying APU operating conditions and main engine generator frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[10] Figure 1 is a block diagram illustrating an operating environment for the invention; 

[11] Figure 2 is a flow diagram illustrating a method according to one embodiment of the 

invention; 

[12] Figure 3 is a flow diagram illustrating additional steps that can be incorporated into 

one embodiment of the inventive method. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[13] Figure 1 is a block diagram illustrating an operating environment of the present 

invention. The invention is generally directed to a system that allows no-break power transfer 
between a main engine 100 and an APU 102. The main engine 100 can be an aircraft engine 
generator, ground power connected to an airport terminal, or any other similar device. 
Although the example below focuses on an aircraft engine acting as the main engine 100, 
those of ordinary skill in the art will understand that the invention is applicable to any system 
where no-break power transfer between a main engine 100 and an APU 102 is desired. 

[14] The main engine 100 is controlled by a control unit 104, such as a generator control 

unit or aircraft computer, and provides power to electrical devices, or loads 106. The loads 
106 can be any device that draws power from the engine 100. In the case of an aircraft, for 
example, the loads 106 may be aircraft devices such as galleys, passenger compartment 
devices, cockpit lights, etc. The APU 102 has its own associated APU controller 110 that 
communicates with the aircraft computer 104 via a communication bus 112. APU control can 
be conducted by any known method, such as digital, analog, or hydromechanical systems, 
without departing from the scope of the invention. 

[15] The control unit 104 sends data to the APU controller 110 on various parameters (e.g., 

ambient temperature, current engine speed, fuel rate, etc.) that can influence the appropriate 
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speed and load at which the engine 100 and the APU 102 should operate for optimum 
performance and for smooth no-break power transfer. 

[16] Generally, the invention aims to control the speed of the APU 102 to an appropriate 

speed that will ensure successful no-break power transfer. If the main engine 100 is a variable 
speed engine, the APU speed that will be considered appropriate for no-break power transfer 
will not be a fixed number because the optimum engine speed, and therefore the appropriate 
APU speed, will vary depending on the operating parameters of the main engine 100. For 
example, if the ambient temperature is warm, the main engine 100 will operate at a higher 
speed than if the ambient temperature is cold. 

[17] Figure 2 illustrates one method 200 in which the invention carries out no-break power 

transfer in greater detail. The APU controller 110 first obtains the main engine speed (e.g. a 
main engine generator frequency value) from the generator control unit 104 or aircraft 
computer (block 202). The main engine 100 speed acts as the starting point for the APU 
controller 1 10 in determining a target APU speed. 

[18] Next, the frequency component of the engine speed is determined (block 203). As 

noted above, no-break power transfer requires matching of the APU generator frequency with 
the main engine frequency. Because variations in the engine speed will cause the engine 
frequency to vary over a frequency range from, for example, 350 Hz to as high as 700 Hz, the 
APU 102 cannot simply run at a fixed generator frequency to conduct the no-break power 
transfer. Instead, the APU generator frequency must varied to match the variable generator 
frequency of the engine 100. More particularly, the APU must run at a target APU speed that 
can generate the matching generator frequency. 

[19] Because it is unlikely that the APU will be running at a speed that generates the 

matching frequency when no-break power transfer is desired, the APU controller 110 first 
determines the appropriate target APU speed for the desired APU frequency (block 204). This 
can be obtained by, for example, a look-up table that links APU frequencies with APU speeds 
and that is generated via any known engine simulation program. The APU speed itself can be 
expressed in any desired manner, such as a percentage of engine speed, revolutions per 
minute, etc., without departing from the scope of the invention. Note that although the engine 
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speed is a main factor in determining the target APU speed, other parameters such as the 
ambient temperature, engine exhaust temperature, maximum power that can be generated, 
optimum fuel flow rate, etc. can all affect the target APU speed at any given time. All of these 
parameters can be taken into account in the simulation to determine their effect on the APU 
speed. 

[20] Once the APU controller 110 determines the target APU speed corresponding with the 

desired APU generator frequency, the APU controller 110 checks the actual APU speed 
(block 205). If the actual APU speed is different from the target APU speed, the APU 
controller 110 ramps the actual APU speed up or down until it reaches the target APU speed 
(block 206). At this point, the APU generator frequency and the engine generator frequency 
match, making it safe to conduct the no-break power transfer (block 208). 

[21] The rate at which the APU speed adjustment takes place may be varied based on, for 

example, customer requests or due to limitations in system components. For example, the 
customer may request that the APU speed be changed over a selected time frame (e.g., 8 
seconds), or fuel flow to the APU may be increased at a rate below a fuel rate limit to ensure 
stable fuel combustion and stable APU performance by preventing, for example, power surges 
caused by excessive back pressure. In one embodiment, the APU controller 110 ramps the 
APU speed up or down based on an APU rate limit (block 210). The APU rate limit can be 
determined and/or calculated by the APU controller 100 based on, for example, the current 
fuel rate and other factors that affect APU performance. 

[22] The APU controller 110 may refer to fuel schedules, which can be obtained via any 

known method, as part of determining the APU rate limit. In such a case, the APU controller 
110 may accelerate or decelerate the APU speed as quickly as possible while still staying 
within minimum and maximum fuel schedules, ensuring that neither too much nor too little 
fuel is added to the APU as the APU speed is being ramped. 

[23] Note that load limitations of the APU may override an APU speed calculation that is 

otherwise optimum based on other parameters (e.g., temperature, fuel consumption, etc.). 
Thus, the invention may also include steps to adjust the APU speed if needed based on the 
load. 
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[24] Figure 3 is a block diagram illustrating additional steps 300 that may be incorporated 

into the invention for determining the target APU speed. The APU control takes the parameter 
(e.g., engine speed, ambient temperature, exhaust temperature, etc.) and uses these parameters 
as inputs for determining the maximum amount of power that the APU 102 can provide under 
the conditions defined by the parameters. The specific amount of power that the APU 102 can 
generate for a given set of parameter inputs can be simulated using any known APU engine 
simulation program and used as data in a look-up table linking the parameters with a 
maximum APU load. 

[25] Before no-break power transfer takes place, the APU controller 1 10 obtains the current 

aircraft electrical load requirements from an aircraft computer via the communication bus 112 
(block 302). These parameters are then checked in the look-up table to obtain the maximum 
APU load that the APU 102 can handle under the current conditions (block 303). 

[26] The APU controller 110 then sends the maximum APU load information to the control 

unit 104, which compares the maximum APU load value with the current aircraft electrical 
load requirement load on the main engine 100 (block 304). If the current aircraft electrical 
load requirement is below the maximum APU load, no-break power transfer can be conducted 
at the target APU speed (block 208). If the current aircraft electrical load is above the 
maximum APU load, however, the control unit 104 selects which electrical devices 106 can 
be shut down temporarily during the no-break power transfer to reduce the load on the APU 
102 during the transfer (block 310). For example, in an aircraft, the aircraft computer may 
shut down selected non-essential, low-priority loads 106 (e.g., galleys, passenger cabin lights, 
etc.) to reduce the total load. The selected low-priority loads 106 are shut down only for the 
duration of the no-break power transfer (e.g., less than a minute), making the effect of the 
load shutdown on aircraft operation negligible. 

[27] Once the control unit 104 has shut down enough load devices 106 to reduce the main 

engine load below the calculated maximum APU load, no-break power transfer can be 
conducted at the APU target speed (block 208) as explained above by ramping the APU speed 
up or down so that the APU generator frequency matches the main engine generator 
frequency. Once the transfer is completed, the load devices 106 can be turned back on as the 
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APU 102 increases speed and therefore generates increased power that allows it to handle 
greater loads. 

[28] As a result, the invention provides a no-break power transfer technique that can be 

used in variable frequency systems. By providing a communication channel between the 
control unit associated with the main engine and the APU controller, the APU controller can 
adjust the APU speed so that the APU generator frequency and the main engine generator 
frequency match each other for the transfer even though the main engine generator frequency 
may vary. Further, the invention provides for adjustment of the load on the main engine to a 
level that the APU can handle. Thus, the invention allows smooth no-break power transfer in 
variable generator frequency systems without any undue stress on the APU. 

[29] It should be understood that various alternatives to the embodiments of the invention 

described herein may be employed in practicing the invention. It is intended that the 
following claims define the scope of the invention and that the method and apparatus within 
the scope of these claims and their equivalents be covered thereby. 
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